• The pressure drop of the tray is relatively lower than other type trays • The plate has no independent downcomer • There is no flooding with TST
However, regardless of the tray type, the downcomer, as a separate part, is necessary because it is only through the downcomer that the upper plate liquid can drop on the sub-plate. Hence, the flooding of the downcomer under high vapor flux has become the bottleneck in the revamp for capacity increase. Moreover, the specifications and layout of the downcomer also affect the plate efficiency, as well as the type and the configuration of trays. For example, multi-downcomers are often employed by large diameter columns to decrease liquid back-mixing and improve mass transfer driving force. In some degree, the reasonable designs of downcomers may have the same key role with mass transfer element. Unfortunately, the downcomer, as the passage of liquid, generally occupies a relatively small space versus the mass transfer element which the vapor passes through [14] . Why don't we combine the downcomer and mass transfer element together? In doing so, the passage of both liquid and vapor are enlarged at the same time. In this paper, a new type tray named total spray tray (TST) is presented by setting an injection tube throughout two adjacent plates. Using this tray, no flooding will occur because the vapor cannot occupy the passages of liquid. More interestingly, as the process of liquid of upper plate flowing to the sub--plate does not consume the energy of the vapor, the pressure drop of the tray is lower than other type trays. In this research, hydraulics experiments including the flexibility and the pressure drop were done to evaluate the simple performance of TST, and its hydrodynamics properties were discussed by comparison to traditional column trays.
EXPERIMENTAL SETUPS

Structure of the TST
The total spray tray consists of two parts: one is an injection tube with openings on its wall and the other is a liquid seal element. It is different from other trays the injection tube of TST is throughout two adjacent plates, as shown in Figure 1 . When the device works, the overflowed liquid of the upper plate will drop down to the sub-plate directly under the action of gravity along the inner tube wall, and is then broken down into micro-droplets by the vapor coming from the sub-plate at the opening region, and finally splashed out of the injection tube with the vapor. When the vapor capacity changes, the clear liquid height of the upper plate will vary automatically due to the varied pressure drop. As a result, a new balance between liquid and vapor was achieved again. In other words, there no flooding occurs with TST. 
Hydrodynamics pilot plant
The hydrodynamic experiment setup is presented in Figure 2 . To observe the phenomenon within the column, an organic glass column with 400 mm inner diameter was used. In the experiment, the injection tube (10) with 90 mm inner diameter was placed in the setup with 300 mm tray spacing. On the side wall of the injection tube, 176 holes with 7 mm diameter were opened. By contrast, a sieve tray owned the same opening ratio (R P = 5%) to TST was made in the experiment, where R P equals the total area of openings A o divided by the cross-sectional area of the column A c . The constructions of sieve tray and TST were illustrated by Figure 3 , on which 231 holes with 6 mm diameter were opened. When testing, water was pumped from the column bottom by a centrifugal pump (6) to the top of the column. The flow rate of water was monitored by a rotameter (8) next to the pump. The gas was supplied at the space between the sieve tray and the collection plate for weeping by an air blower (1) controlled by a frequency converter (2) . The flow rate of air was quantified by a pitot tube (3) companied a digital anemometer. The pressure drop of the tested tray was measured by two U-tube manometers (9) filled with water, which have an accuracy margin of 10 Pa. The height of clear liquid can be read from the scales labeled on the tower wall.
RESULTS AND DISCUSSION
Effect of liquid flow on pressure drop of TST Pressure drop represents the energy dissipated caused by fluid flowing through the tray. Especially, in the days with the gradual scarcity of global energy resources, the lower pressure drop trays have attracted lots attention. For TST, when the column works, the resistance or the pressure loss is caused by two parts. One is the holes, including the hole in the plate and the holes on the injection tube, and the other is the liquid film. The pressure drop of caused by the former can be denoted by the dry pressure and the total pressure drop can be indicated by the wet pressure drop.
The pressure drop under different liquid flow of TST was shown in Figure 4 , where F 0 is the kinetic energy factor of gas based on the orifice gas velocity. From Figure 4 , it can be obtained that under a certain liquid flow, the pressure drops increase rapidly with the increasing of the F 0 . This may be understood well because pressure loss is directly proportional to the square of the vapor speed. However, with the increasing of the liquid flow, the pressure drop increase is low and about 100 Pa increase in pressure drop was found for every 1 m 3 increase in liquid flow. This is because, for TST, the liquid of upper plate flowing to the sub-plate is done automatically under the action of gravity. When the liquid flow increases, the film thickness at the openings changes only slightly. For example, when the liquid flow changes from 1.2 to 2.4 m 3 /h, the film thickness increases about 1 mm. Thus, the energy loss for vapor is low. This gives a good explanation for the liquid flow having little effect on the pressure drop with TST. In other words, the dry pressure drop of TST (liquid flow = 0) is a significant constituent part of the total pressure drop.
Comparison of pressure drop between TST and other trays
It is well known that sieve tray has traditionally lower pressure drop. In the experiment, the pressure drops of sieve tray were tested on the setup shown in Figure 2 , as well as the TST. Moreover, for learning the properties of TST better, the pressure drop of New VST, which is an earliest new vertical sieve tray and its properties have been well studied [15] was cited for comparison in Figure 5 . From Figure 5 , it can be obtained that with increasing F 0 , the total pressure drops of all trays increase although their trends are different: the one of sieve tray is the slowest, and the one of the TST shows the sharpest rise. Moreover, under different ranges of F 0 , the pressure drops of three trays are different too. For example, when F 0 is less than 17, the TST has the smallest pressure drop, and when F 0 is large than 17, the sieve tray has the smallest pressure drop. Through the above analysis, we knew that the total pressure drop of a tray can be divided into two parts. One is the dry pressure produced by vapor passing the holes, and the other is the pressure loss caused by the liquid flowing. For sieve tray, the vapor passes through the hole only once. And for TST and New VST, it needs twice: One is the hole on the plate and the other is the holes of the injection. So, under the higher F 0 , the pressure drop of TST and New VST must have the larger values than that of sieve tray.
However, when F 0 is small, the energy loss caused liquid becomes the major components due to the decreased rate of vapor. For sieve tray, the vapor needs For further research, the more detailed hydrodynamics and the mass transfer properties of TST should be investigated. Besides no back mixing, we have reason to believe that more advantages of TST are waiting to be found. Moreover, the research on the TST provides us a novel direction on the development of the column tray. Kao kritična komponenta kontakta para-tečnost, podovi su igrali važnu ulogu u performansama destilacione kolone. U radu je istraživana hidrodinamika nove vrste poda, koji je nazvan totalni sprej pod (TSP). Pad pritiska sa različitim faktorom kinetičke energije (F 0 ) je istraživan u sistemu vazduh-voda pod atmosferskim pritiskom. Rezultati ukazuju da nema plavljenja poda, pa TSP može obezbediti širu fleksibilnost u radu. Štaviše, pad pritiska TSP je znatno niži od onog kod drugih podova. Opisana svojstva TSP će jako pogodovati širenju proizvodnje i smanjenju energije u operaciji destilacije.
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